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(57)Abstract: 

PROBLEM TO BE SOLVED: To improve the preparation of an air 
fuel mixture in starting a starting process when a multicylinder 
direct injection-type internal combustion engine is directly started 



SOLUTION: The fuel in a certain cylinder in an operating phase is 
ignited, and then the fuel is injected to a combustion chamber of 
another cylinder in an intake phase by a piston immediately 
thereafter to ignite the injected fuel even though it is still in the 
intake phase, in further processing of the starting process. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation, 

LThis document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] It is especially the starter-less start-up method of the Taki cylinder direct-injection mold internal combustion 
engine of an automobile. By detecting a location of a piston (2) in an internal combustion engines (l) f s cylinder (3), 
injecting a fuel to a combustion chamber of a function (3) which has a piston (2) in an actuation phase, and lighting it 
just behind that In a method of carrying out the trigger of the start-up process, it sets to the further progress of a start-up 
process. A method which injects a fuel to a combustion chamber (4) of another cylinder (3) which has a piston in an 
inhalation-of-air phase immediately after lighting a fuel of a cylinder (3) in an actuation phase, and is characterized by 
what an injected fuel is lit for even if it is still an inhalation-of-air phase. 

[Claim 2] A method according to claim 1 of presupposing that an inlet valve (5) of another cylinder (3) in an inhalation- 
of-air phase has been opened between fuel injection, and closing it just before ignition to a fuel. 
[Claim 3] A method according to claim 1 or 2 of injecting a fuel in the further progress of a start-up process to a 
combustion chamber (4) of a cylinder (3) in an inhalation-of-air phase or a compressed phase, and lighting a fuel 
compressed in a combustion chamber (4). 

[Claim 4] A method given [ to claims 1-3 ] in any 1 term which carries out metering of the fuel which should be injected 
to a combustion chamber (4) of a cylinder (3) which exists at an actuation phase at the time of initiation of a start-up 
process so that excess oxygen may arise to the 1st combustion. 

[Claim 5] After an internal combustion engine does 1st rotation by ignition and combustion of a fuel which were 
injected by combustion chamber (4) of a cylinder (3) in an actuation phase, A method given [ to claims 1-3 ] in any 1 
term of opening an outlet valve (5) of a cylinder (3) first, before arriving at a bottom dead point (UT), closing an outlet 
valve (5), before arriving at a bottom dead point (UT) further after that, and opening an inlet valve (5). 
[Claim 6] A method given [ to claims 1-5 ] in any 1 term which injects a fuel to a combustion chamber (4) of a cylinder 
(3) between start-up processes by an internal combustion engines pressure beforehand formed with a conveyance pump. 

[Claim 7] A method given [ to claims 1-5 ] in any 1 term written which injects a fuel to a combustion chamber (4) of a 
cylinder (3) between start-up processes with injection pressure (p_r) formed by an internal combustion engine's high 
pressure pumping. 

[Claim 8] They are especially a storage element to a control unit (12) of an internal combustion engine (1) of an 
automobile, and the storage element which it is especially ROM, RAM, or a flash memory, and a computer program is 
memorized by this storage element, and is characterized by this computer program being suitable for count equipment 
and especially performing on a microprocessor (14) and enforcing a method given [ to claims 1-7 ] in any 1 term. 
[Claim 9] This computer program is a computer program characterized by being suitable for enforcing a method given 
[ to claims 1-7 ] in any 1 term when this is performed on count equipment in count equipment and a computer program 
especially performed on a microprocessor (14). 

[Claim 10] A computer program is a storage element and a computer program according to claim 9 especially 
memorized by flash memory (15). 

[Claim 1 1] It has the following and sets to the further progress of a start-up process in an internal combustion engine of 
format that the trigger of the start-up process is carried out by this. Fuel metering equipment He is the internal 
combustion engine characterized by what it lights an injected fuel for even if an ignition means is still an inhalation-of- 
air phase by injecting in a combustion chamber (4) of another cylinder (3) which has a piston (2) in a fuel at an 
inhalation-of-air phase immediately after ignition to a fuel in a cylinder (3) in an actuation phase. It is especially the 
Taki cylinder direct-injection mold internal combustion engine of an automobile, and this internal combustion engine 
(1) is an internal combustion engine (means for detecting a location of a piston (2) in a cylinder (3) of 1 ()). Fuel 
metering equipment for injecting a fuel to a combustion chamber (4) of a cylinder (3) which has a piston (2) in an 
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actuation phase An ignition means for lighting a fuel injected by cylinder (3) immediately after injection 

[Claim 12] An internal combustion engine (1) is an internal combustion engine according to claim 1 1 which has a 

means for enforcing a method given [ to claims 2-7 ] in any 1 term (1). 

[Claim 13] Said control unit (12) a means, metering equipment, and an ignition means (9) for having the following and 
detecting a location of a piston (2) for a trigger of a start-up process In a control unit of format controlled to light a fuel 
with which fuel metering equipment injected a fuel to a combustion chamber (4) of a cylinder (3) which has a piston (2) 
in an actuation phase, and an ignition means (9) was injected by cylinder (3) immediately after injection Said control 
unit (12) sets a means, fuel metering equipment, and an ignition means (9) for detecting a location of a piston (2) to the 
further progress of a start-up process. After fuel metering equipment was lit by fuel of a cylinder (3) in an actuation 
phase, A control unit characterized by what is controlled to light a fuel with which a fuel was injected to a combustion 
chamber of another cylinder (3) which has a piston (2) in an inhalation-of-air phase, and an ignition means was injected 
even if it is still an inhalation-of-air phase. It is a means for detecting a location of a piston [ in / it is especially the 
control unit (12) of the Taki cylinder direct-injection mold internal combustion engine of an automobile, and / in said 
internal combustion engine (1) / an internal combustion engine's (l) f s cylinder (3) ] (2). Fuel metering equipment for 
injecting a fuel to a combustion chamber (4) of a cylinder (3) An ignition means for lighting a fuel injected by cylinder 
(3) at the predetermined event (9) 

[Claim 14] A control unit (12) is a control unit according to claim 13 which has a means for enforcing a method given 
[ to claims 2-7 ] in any 1 term. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] This invention especially relates to the starter-less start-up method of 
the Taki cylinder direct-injection mold internal combustion engine of an automobile. Here, the location of the piston in 
an internal combustion engine's cylinder is detected, a fuel is injected by the combustion chamber of the cylinder which 
has the piston in an actuation phase, and it is lit just behind that. Thereby, the trigger of the start-up process is carried 
out. 

[0002] This invention further especially relates to the storage element and division ROM and RAM to an automobile 
internal combustion engine's control unit, or a flash memory. The computer program is memorized by this storage 
element and this computer program is performed on a calculator and a division microprocessor. 
[0003] This invention relates to a computer machine and the computer program especially performed by the 
microprocessor further. 

[0004] This invention further especially relates to the Taki cylinder direct-injection mold internal combustion engine of 
an automobile. This internal combustion engine has an ignition means for lighting the fuel metering equipment for 
injecting the means for detecting the piston location in an internal combustion engine's cylinder, and a fuel to the 
combustion chamber of the cylinder which has a piston in an actuation phase, and the fuel injected by the cylinder 
immediately after injection. Thereby, the trigger of the start-up process is carried out. 

[0005] Furthermore, this invention especially relates to the control unit of the Taki cylinder direct-injection mold 
internal combustion engine of an automobile. This control unit has an ignition means for lighting the fuel metering 
equipment for injecting the means for detecting the piston location in an internal combustion engine's cylinder, and a 
fuel in a cylinder in a combustion chamber, and the fuel injected by the cylinder at the predetermined event. In order 
that a control unit may carry out the trigger of the means, the fuel metering equipment, and the start-up process for 
detecting a piston location, an ignition means is controlled, and fuel metering equipment injects a fuel to the combustion 
chamber of a function which has a piston in an actuation phase, and it is made to light it immediately after injecting the 
fuel with which the ignition means was injected by the cylinder. 
[0006] 

[Description of the Prior Art] DE 19742969A1 to the Taki cylinder direct-injection mold internal combustion engine's 
start-up method is well-known. In order to carry out torque formation promptly, the juxtaposition change of an actuation 
clock stops an internal combustion engine's serial ignition sequence because of this method through suitable valve 
control. For this object, as long as valve path clearance approves, an internal combustion engine meets freely or has a 
possible inlet valve and a possible outlet valve. 

[0007] In case an internal combustion engine's crankshaft rotates at least one time, the inlet valve of a cylinder is opened 
and the piston is in a top dead center simultaneously. Ignition to the fuel compressed in the combustion chamber of 
these cylinders is simultaneously performed after activation of an inhalation-of-air phase and a compressed phase. These 
two cylinders are parallel and an actuation phase is passed. Combustion gas is succeedingly emitted by simultaneous 
disconnection of the outlet valve of a cylinder in an actuation phase. However, by the well-known method, it performs 
with the electric-motor type starter by which a start-up process is not by combustion in a cylinder, and was established 
appropriately. This performs an inhalation-of-air phase and/or a compressed phase before this 1st ignition. 
[0008] An internal combustion engine's starter-less start-up method of the format stated to the beginning is well-known 
from DEI 0020 104. By the method indicated there, an inhalation-of-air phase or a compressed phase is not performed 
before the 1st ignition, but the trigger of the start-up process is rather carried out by only ignition. The advantage of such 
combustion-engine direct start up is that the electric-motor actuation for performing an inhalation-of-air phase and/or a 
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compressed phase before the electric-motor actuation for start up or the 1st ignition is omissible. When there is no 
compressed phase before the 1st ignition, the efficient mechanism for preparing the gaseous mixture especially 
contained in a combustion chamber is omitted. 
[0009] 

[Problem(s) to be Solved by the Invention] the case where the technical problem of this invention puts the Taki cylinder 
direct-injection mold internal combustion engine into operation without a starter directly - the time of initiation of a 
start-up process ~ gaseous mixture - it is improving preparation. 
[0010] 

[Means for Solving the Problem] Immediately after lighting a fuel of a cylinder in an actuation phase in the further 
progress of a start-up process by this invention, this technical problem injects a fuel to a combustion chamber of another 
cylinder which has a piston in an inhalation-of-air phase, and it constitutes and it is solved so that an injected fuel may 
be lit, even if it is still an inhalation-of-air phase. 
[0011] 

[Embodiment of the Invention] The method of this invention is suitable for starter-less start up of the direct-injection 
mold internal combustion engine which has at least two cylinders. Before operation of this invention, the location of the 
piston in the angular position of an internal combustion engine's crankshaft, i.e., an internal combustion engine's 
cylinder, is detected. In the internal combustion engine which has four or a cylinder beyond it, the piston of at least one 
cylinder is certainly in an actuation phase. Since there may be no piston of a cylinder in an actuation phase when there 
are few cylinders than 4, the inlet valve and outlet valve of a cylinder which are in an inhalation-of-air phase in that case 
are brought to the location which ****s in an actuation phase. That is, an inlet valve and an outlet valve are closed. 
[0012] In order to operate an inlet valve and an outlet valve freely, these valves have the control section without a cam 
shaft. It can control without this control section's separating each inlet valve and an outlet valve with the valve of 
another side and being dependent on the location of a cam shaft. In order to control without a cam shaft, the inlet valve 
and/or the outlet valve are equipped with one or more common adjustment devices. This adjustment device can be 
operated by the method of fluid pressure-piezo-electricity-electromagnetic or others. A control section without many 
cam shafts is well-known from the conventional technology to an inlet valve and an outlet valve. This control section 
can be used in relation to this invention. 

[0013] Alternatively, an inlet valve and an outlet valve have an adjustable cam-shaft regulator in an entrance side and an 
adjustable valve stroke, in order to operate it freely. An entrance cam shaft can be adjusted by this, only a short time can 
open an inlet valve in an inhalation-of-air phase at the time of initiation, and the location which ****s in an actuation 
phase by this can be brought. In an entrance side, an entrance is comparatively closed at an early stage by this. 
[0014] A fuel is injected by the combustion chamber of the cylinder in an actuation phase, and it is lit just behind that. 
An internal combustion engine is made to carry out 1st rotation by this, and the trigger of the start-up process is carried 
out. A fuel is injected by the combustion chamber of another cylinder which has the piston immediately after ignition of 
the gaseous mixture of the cylinder in an actuation phase at an inhalation-of-air phase in the further progress of a start- 
up process. In order to accelerate an internal combustion engine's rotation further, the fuel injected by the combustion 
chamber of another cylinder is lit also to an inhalation-of-air phase. 

[0015] gaseous mixture [ as opposed to the 2nd combustion by injecting a fuel before the 2nd combustion to the 
combustion chamber of the function in an actuation phase ] — propagation is controlled positively. The injection valve 
of a cylinder is opened at the time of initiation of the inhalation-of-air phase of a cylinder, and air can be inhaled to the 
combustion chamber of a cylinder. A swirl is formed in the combustion chamber of a cylinder by inhaling air through an 
inlet valve. This swirl still continues after closeout of an inlet valve between short time. The fuel which should be 
injected to a combustion chamber before the 2nd ignition is injected toward this swirl, and, thereby, uniform mixing 
with a fuel and air is obtained in a combustion chamber. Therefore, fuel injection before the 2nd ignition is performed to 
some extent in homogeneity mode. The inlet valve of the cylinder in an inhalation-of-air phase can be closed for the first 
time just before fuel injection, during fuel injection, or after fuel injection. The method of this invention is applicable to 
per 1 cylinder with the internal combustion engine which has two or more inlet valves and/or outlet valves. In order to 
enforce the method of this invention, it is enough if an inlet valve thru/or an outlet valve are operated suitably [ at least 
one ]. 

[0016] By homogeneity distribution of the gaseous mixture in the combustion chamber of another cylinder, especially 
good combustion is attained after ignition of gaseous mixture, and, thereby, high torque can be especially transmitted to 
an internal combustion engine's crankshaft by 2nd combustion. In start up without a starter, chiefly, the 1st combustion 
is used in order for the 1st to make a crankshaft rotate. However, the important thing for a success or carrying out 
unsuccessful in start up without a starter is the 2nd combustion, according to the method of this invention, the 2nd 
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combustion is markedly alike and is improved. Thereby, it is certain and an internal combustion engine's reliable starter- 
less start up is attained. 

[0017] According to the advantageous configuration of this invention, continuing opening the inlet valve of another 
cylinder in an inhalation-of-air phase, and closing it between fuel injection, just before ignition to a fuel is proposed. 
Thus, in the combustion chamber of cylinder with an another swirl, degree maintenance of [ under fuel injection ] is 
carried out. Especially gaseous mixture is distributed to homogeneity by this in a combustion chamber, and it burns 
thoroughly succeedingly. 

[0018] In the advantageous example of this invention, a fuel is injected by the combustion chamber of the cylinder in an 
inhalation-of-air phase or a compressed phase by the further progress of a start-up process, and the fuel compressed in 
the combustion chamber is lit. Therefore, just before gaseous mixture arrives at a top dead center (OT) at the time of 
termination of a compressed phase, it is lit immediately after reaching. Thus, the 3rd and the further combustion are 
formed. An internal combustion engine's start-up process deterministically started by the 2nd combustion is continued 
and ended by this combustion. The premise over the fuel injection in the inside of a compressed phase is that the fuel in 
an internal combustion engine's fuel metering equipment has a pressure high enough. Injection pressure high enough 
can be formed with high pressure pumping driven electrically, without being dependent on an internal combustion 
engine. 

[0019] Metering of the fuel quantity which should be injected to the combustion chamber of the cylinder which exists 
advantageously at an actuation phase at the time of initiation of a start-up process is carried out so that excess oxygen 
may arise to the 1st combustion. Since the actuation phase is parallel-ized at the time of initiation of a start-up process, 
the cylinder which suited the actuation phase at the time of initiation of a start-up process is directly changed to a 
compressed phase. Restoration change cannot be performed before a compressed phase. Based on the hyperoxia under 
1st combustion, oxygen is contained also even for after the 1st combustion in the combustion chamber of a cylinder, and 
this oxygen serves as gaseous mixture which has ignition capacity with the fuel injected in the compressed phase. Layer 
restoration can attain the high excess oxygen to the 1st combustion. 

[0020] Advantageously, after the 1st rotation of an internal combustion engine, by lighting and burning the fuel injected 
by the combustion chamber of the cylinder in an actuation phase before (bottom dead point UT) attainment, an outlet 
valve is opened first, it is closed down before (bottom dead point UT) attainment of an outlet valve, and an inlet valve is 
opened after that, by this, oxygen can be flowed before compression next to a cylinder, and this boils combustion of 
gaseous mixture markedly and improves. 

[0021] According to another advantageous example of this invention, injecting a fuel in a start-up process in the 
combustion chamber of a cylinder by an internal combustion engine's pressure beforehand formed with the conveyance 
pump is proposed. The pressure which was constituted as an electromagnetic-force pump (EKP) and which was 
beforehand formed with the conveyance pump is called rail pressure EKP. In the internal combustion engine which has 
high pressure pumping driven through a cam shaft depending on an internal combustion engine, a fuel must be injected 
with rail pressure EKP in a starter-less start-up process. 

[0022] In the another advantageous example of this invention, a fuel is alternatively injected by the combustion chamber 
of a cylinder between start-up processes with the injection pressure formed by an internal combustion engine's high 
pressure pumping. The inside of an internal combustion engine's compressed phase is also injected without a problem in 
a fuel by the combustion chamber of a cylinder by this. Injection pressure is formed by high pressure pumping 
electrically driven without being dependent on an internal combustion engine. 

[0023] In order to realize the method of this invention, especially the thing especially established with the gestalt of the 
storage element to the control unit of the internal combustion engine of an automobile is important. Here, a computer 
program is memorized by the storage element. It especially performs by the microprocessor and this computer program 
is suitable for count equipment and enforcing the method of this invention. In this case, this invention is realized by the 
computer program memorized by the storage element. Therefore, the storage element with which this computer program 
was prepared is the same as the method of this invention, and suitable for carrying out a computer program. It can divide 
as a storage element, and an electric storage element can be used, for example, they are ROM, RAM, or a flash memory. 

[0024] This invention is a computer program which is suitable for enforcing the method of this invention again. This 
computer program is especially performed by the microprocessor. A computer program is especially memorized to a 
storage element and a division flash memory advantageously here. 

[0025] As another solution means of the technical problem of this invention, fuel metering equipment injects a fuel to 
the combustion chamber of another cylinder immediately after ignition to the fuel of the cylinder in an actuation phase 
in the further progress of a start-up process based on the Taki cylinder direct-injection mold internal combustion engine 
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which stated to the beginning. And the piston of this another cylinder is in an inhalation-of-air phase, and an inhalation- 
of-air phase also lights the fuel with which the ignition means was injected. 

[0026] With the advantageous configuration of this invention, having a means for an internal combustion engine 
enforcing the method of this invention is proposed. 

[0027] As further solution means of the technical problem of this invention, the control unit of the Taki cylinder direct- 
injection mold internal combustion engine of format which stated to the beginning is left. Have a means for a control 
unit to detect a piston location, and this detection means controls fuel metering equipment and an ignition means in the 
further progress of a start-up process. What an inhalation-of-air phase also lights for the fuel with which the fuel was 
injected to the combustion chamber of another function which has a piston in an inhalation-of-air phase immediately 
after lighting a fuel in the cylinder which has fuel metering equipment in an actuation phase, and the ignition means was 
injected is proposed. 

[0028] With the advantageous improvement gestalt of this invention, having a means for a control unit enforcing the 

method of this invention is proposed. 

[0029] 

[Example] The whole internal combustion engine is shown to drawing 1 by the reference mark 1. An internal 
combustion engine 1 has a piston 2, and this piston reciprocates the inside of a cylinder 3. Combustion Is Tsu 4 is 
established in the cylinder 3, and the inlet pipe 6 (inlet valve) and the exhaust pipe 7 (outlet valve) are connected to the 
combustion chamber through the restoration valve 5. Furthermore, the controllable ignition plug 9 is assigned to the 
combustion chamber 4 by the controllable injection valve 8 and Signal ZW with Signal TI. An internal combustion 
engine 1 can change among various modes of operation. 

[0030] A fuel is injected by the combustion chamber 4 from an injection valve 8 in the compressed phase caused with a 
piston 2 by the 1st mode of operation, i.e., an internal combustion engine's 1 layer actuation mode. It is the direct 
circumference of an ignition plug 9 in location, and is just before the top dead center OT of a piston 2, or ignition timing 
in time. Next, a fuel is lit with an ignition plug 9, and a piston 2 is a consecutive actuation phase and is driven by 
expansion of the lit fuel. 

[0031] A fuel is injected by the combustion chamber 4 from an injection valve 8 during the inhalation-of-air phase 
caused with a piston 2 by another mode of operation, i.e., an internal combustion engine's 1 homogeneity actuation 
mode, the swirl of the injected fuel is carried out by inhaling air simultaneously ~ having — thereby - a combustion 
chamber 4 - substantial - being equal (homogeneity) - it is distributed, then, fuel/air - gaseous mixture is compressed 
during the **** main radical phase, and, subsequently is lit with an ignition plug 9. A piston 2 is driven by expansion of 
the lit fuel. 

[0032] In layer actuation mode and homogeneity actuation mode, a crankshaft 10 rotates with the piston 2 to drive, and 
the wheel of an automobile drives eventually through this rotation. The rotational frequency sensor 1 1 is assigned to the 
crankshaft 10, and this rotational frequency sensor forms Signal N depending on rotation of a crankshaft 10. 
[0033] A fuel is injected by the combustion chamber through an injection valve 8 even by the homogeneity actuation 
mho under high voltage also in layer actuation mode. For this object, the electric fuel pump is beforehand formed as a 
conveyance pump and high pressure pumping (not beforehand shown [ a conveyance pump and high pressure 
pumping ]). here -- the latter - an internal combustion engine 1 - or it can drive in electric. An electric fuel pump 
(EKP) is driven without being dependent on an internal combustion engine 1, and it forms the so-called rail pressure of 
3bars at least. High pressure pumping forms rail pressure HD to about 200 bars, the pressure formed in a self-ignition 
type internal combustion engine is alike and high. 

[0034] The fuel quantity injected by the combustion chamber 4 from an injection valve 4 in layer actuation mode and 
homogeneity actuation mode is controlled and/or adjusted by the control unit 12 so that fuel consumption and harmful 
matter bleedoff may especially be reduced. For this object, the microprocessor 14 is formed in the control unit 12, and a 
microprocessor has a storage element and the computer program especially memorized by the flash memory 15. This 
computer program is suitable for carrying out aforementioned control and/or adjustment. In order to enforce the method 
of this invention, the computer program of the proper performed on a microprocessor 14 is memorized by the flash 
memory 15, or the existing computer program is extended appropriately. 

[0035] An input signal is impressed to a control unit 12. This input signal expresses an internal combustion engine's 1 
amount of actuation measured by the sensor. For example, the control unit 12 is connected with the air mass sensor 
arranged at the inlet pipe 6, the lamda sensor arranged at the exhaust pipe 7, and/or the rotational frequency sensor 1 1 . 
Furthermore, the control unit 12 is connected with the access pedal sensor 13, and this accelerator pedal sensor forms 
the signal FP showing the location of the accelerator pedal operated by the operator. A control unit 12 forms an output 
signal, and an internal combustion engine's 1 property ****s in desired control and/or adjustment through an actuator or 
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a regulator with this output signal, and it is controlled. It connects with the inlet valve 8 and the ignition plug 9, and a 
control unit 12 forms the signals TI and ZW required for those control. 

[0036] The method of this invention for putting the 4-cylinder direct-injection mold internal combustion engine 1 into 
operation without a starter in drawing 2 is shown in the diagram. Each line of a diagram relates to each cylinder 3 of an 
internal combustion engine 1 . The number is given to various cylinders. Each train of a diagram relates to the phase 
thru/or stroke in which the piston 3 of affiliation exists. Each piston 2 is in an inhalation-of-air phase, a compressed 
phase, an actuation phase, or an exhaust air phase here. The shift during each phase is shown by the top dead center OT 
of a piston 2. The horizontal axis which met at the various phases of a piston 2 expresses angle-of-rotation **KW of a 
crankshaft 10. The location before an internal combustion engine's 1 start up, i.e., the location in an internal combustion 
engine's 1 quiescent state, is shown by the dashed line. 

[0037] It is shown in drawing 2 and the rotational frequency sensor 1 1 consists of methods explained below as an angle 
generator absolutely. This meaning is that the rotational frequency sensor 1 1 forms angle-of-rotation **KW, and 
especially supplies a control unit 12 also after an internal combustion engine's 1 quiescent state always. Thus, before 
initiation of a start-up process, the location of the piston 2 in a cylinder 3 is detectable. A crankshaft 10 can be 
alternatively brought to a necessary revolution by the direct electric starter, and, thereby, the rotational frequency sensor 
1 1 can carry out signaling of the location of a piston 2. 

[0038] In this invention by drawing 2 , a No. 4 cylinder is in an actuation phase (an inlet valve and an outlet valve 5 are 
closed, and a piston location is after OT). A No. 4 cylinder is a start-up cylinder. A fuel is injected by the combustion 
chamber 4 of a No. 4 cylinder at the time of initiation of a start-up process. When high pressure pumping drives 
depending on an internal combustion engine 1, injection is performed only under the rail pressure EKP of an electric 
fuel pump. When other (i.e., when driving without high pressure pumping's being dependent on an internal combustion 
engine), a fuel is injected by the combustion chamber 4 under high voltage HD, in order to generate gaseous mixture, 
the fuel/air contained in the fuel thru/or combustion chamber 4 injected immediately after injection - gaseous mixture is 
lit. 1st combustion is performed by this and, as for a crankshaft 10, the 1st combustion performs rotation to the 1st front. 

[0039] A fuel is injected by the No. 1 cylinder immediately after revolution initiation. This No. 1 cylinder is in an 
inhalation-of-air phase. That is, the inlet valve is opened and the outlet valve is closed. Then, it is lit even if the injected 
fuel is an inhalation-of-air phase. An inlet valve is closed here just before ignition. The closeout event of an inlet valve 
is shown by the dashed line vertical to drawin g 2 just before lighting in a No. 1 cylinder. 2nd combustion is performed 
by this ignition and rotation of a crankshaft 10 is strongly accelerated by 2nd combustion. It was shown that the 2nd 
combustion is especially a success or the important unsuccessful key of a start-up process. 
[0040] Air is inhaled from an inlet pipe 6 through the opened inlet valve during an inhalation-of-air phase to the 
combustion chamber 4 of a cylinder 3. A powerful swirl arises in a combustion chamber 4 by the airstream of the 
inhaled air, and it mixes with the air with which the fuel injected by this was inhaled still better, the injection during an 
inhalation-of-air phase - being based - especially uniform fuel/air — gaseous mixture is obtained in the combustion 
chamber 4 which is a No. 1 cylinder. And this gaseous mixture burns thoroughly after ignition. By the method of this 
invention, by 2nd combustion, especially, it is transmitted to a crankshaft 10, and thereby, big torque is trustworthy and 
an internal combustion engine's reliable starter-less start up of it is attained. 

[0041] An inlet valve is advantageously opened between fiiel injection. However, already closing an inlet valve before 
injection or during injection is also considered. An air swirl disappears slowly after closeout of an inlet valve. Even if 
the inlet valve is closed down in the inhalation-of-air phase by this in the case of fuel injection, mixing of fuel/air good 
enough is guaranteed. 

[0042] It is in a compressed phase, and when a No. 1 cylinder is in an inhalation-of-air phase, by the compressed phase, 
the inlet valve and the outlet valve are closed, a fuel is injected, and a No. 3 cylinder is after the time of termination of a 
compressed phase, or progress of a top dead center OT, and is lit at the time of initiation of an actuation phase. The 
further injection, ignition, and the location of a valve 5 are shown by the example of a No. 4 cylinder, a No. 2 cylinder, 
and a No. 1 cylinder. Therefore, further injection is performed into the inhalation-of-air phase of a cylinder 3 (a No. 2 
cylinder and No. 1 cylinder), or a compressed phase (No. 4 cylinder), respectively. A compressed phase is generally at 
the termination time, and ignition to the injected fuel is performed to immediately after [ just before reaching to a top 
dead center OT]. 

[0043] In order to enable it to inject a fuel in a compressed phase in the combustion chamber 4 of a No. 4 cylinder, the 
fuel which should be injected must be impressed to an injection valve 8 with high injection pressure. Such high injection 
pressure can be formed with high pressure pumping driven without being dependent on an internal combustion engine 1 
(for example, electrically). In order to enable it to inject a fuel to the combustion chamber of a No. 2 cylinder and a No. 
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1 cylinder during an inhalation-of-air phase, the low injection pressure EKP, for example, the rail pressure formed with 
an electric rotary pump, is enough. 

[0044] In a No. 4 cylinder, restoration change may not arise by parallel-ization of an actuation phase between the 
actuation phases of precedence. Therefore, unlike the sequence of the usual actuation phase, a No. 4 cylinder shifts to a 
compressed phase directly from an actuation phase. An exhaust air phase and an inhalation-of-air phase do not exist, the 
fuel/air which can still in addition be lit — in order to obtain gaseous mixture, suitably high excess oxygen is prepared to 
the 1st combustion. Thereby, after the 1st combustion is contained in the combustion chamber whose oxygen for the 
further combustion is a No. 4 cylinder. Excess oxygen can be obtained for example, by layer restoration. 
[0045] Alternatively, after the 1st rotation of an internal combustion engine, based on the ignition and combustion of a 
fuel which were injected by the combustion chamber 4 of a No. 4 cylinder, in a No. 4 cylinder, an outlet valve 5 can be 
first opened before attainment of a bottom dead point UT, and subsequently to before attainment of a bottom dead point 
UT an outlet valve 5 can be closed further, and an inlet valve 5 can be opened. The bottom dead point UT of a No. 1 
cylinder and a No. 4 cylinder is equivalent to the top dead center OT of No. 2 and a No. 3 cylinder. The bottom dead 
point UT of No. 2 and a No. 3 cylinder is equivalent to the top dead center OT of No. 1 and a No. 4 cylinder similarly. 
[0046] The inlet valve and outlet valve 5 of a combustion chamber 4 are adjusted by the control section without a cam 
shaft. For this reason, each inlet valve and an outlet valve 5 are equipped with the adjustment device of a proper. 
Thereby, it does not depend mutually, but a valve 5 is freely opened thru/or closed, as long as valve path clearance 
approves. Thus, it can change an actuation phase and reversely [ its ] from an inhalation-of-air phase. It is made 
suitability and the change of an exhaust air phase and its objection is also possible from a compressed phase, the optimal 
conditions for being able to bring an inlet valve and/or an outlet valve 5 to a position at the time of initiation of a start- 
up process, and starting an internal combustion engine 1 by control of the val ve 5 without a cam shaft, ~ an electric 
starter — nothing --********-- things are made. 

[0047] the inlet valve 5 which ****s each progress of a compressed phase in order to reduce compression resistance in 
the start-up process of this invention -- an early stage - or it can be shortened by being delayed and closed down 
appropriately (the inlet valve is opened during the inhalation-of-air phase performed before a compressed phase). This 
method is applicable also to the internal combustion engine 1 which has four or more cylinders according to suitable 
deformation. 

[0048] Said example of the method of this invention is applicable also to the internal combustion engine 1 which has 
four or more cylinders according to suitable deformation. In an internal combustion engine with few four cylinders, it 
can be said at the time of initiation of a start-up process that the piston 2 is not arranged at the actuation phase. 
However, at least one piston 2 of a cylinder 3 is certainly in an inhalation-of-air phase in this case. Therefore, the inlet 
valve of the suitable cylinder 3 can be closed and the cylinder 3 can be changed from an inhalation-of-air phase to an 
actuation phase. Also in this case, an internal combustion engine 1 is put into operation without an electric starter. 
[0049] The flow chart of the method of this invention is shown in drawing 3 . This method is started with functional 
block 20. In functional block 20, an internal combustion engine's 1 start up is demanded. For this reason, the location of 
the piston 2 in an internal combustion engine's 1 cylinder 3 is detected by functional block 22 through the revolution 
location of a crankshaft 10. A fuel is injected by the combustion chamber 4 of the cylinder 3 (No. 4 cylinder) which has 
a piston 2 in an actuation phase in functional block 23. With functional block 24, the injected fuel is lit just behind that. 
A crankshaft 10 is rotated and a start-up process is started by this 1st combustion. 

[0050] A fuel is injected by the combustion chamber of another cylinder 3 (No. 1 cylinder) with functional block 25 
following ignition to the fuel injected by the combustion chamber 4 of a No. 4 cylinder. This another cylinder is in an 
inhalation-of-air phase. Opening the inlet valve of a No. 1 cylinder is further continued during fuel injection, however, 
an inhalation-of-air phase — an inlet valve is mostly closed by functional block 26 at the time of termination. While the 
No. 1 cylinder exists in the inhalation-of-air phase, a fuel is injected by still more nearly another cylinder 3 (No. 3 
cylinder) in functional block 27. This cylinder is in a compressed phase. Then, with functional block 28, even if the fuel 
injected by the No. 12 cylinder is in front of a bottom dead point UT, it is lit. Rotation of a crankshaft is accelerated by 
this 2nd combustion. The 2nd good combustion is important to especially a success of a start-up process. Ignition to the 
fuel injected by the No. 3 cylinder is performed by functional block 28 just before the attainment of a compressed phase 
which it is in a top dead center OT mostly at the time of termination, or to immediately after. Rotation of a crankshaft 10 
is further accelerated by 3rd combustion. 

[0051] During the further actuation phase, a fuel is injected by the cylinder 3 (No. 4 cylinder) with functional block 29. 
This cylinder is in a compressed phase. A fuel is injected by the cylinder 3 (No. 2 cylinder) which is in the same 
compressed phase with functional block 30 at an inhalation-of-air phase, the fuel injected by the combustion chamber 4 
of a No. 4 cylinder - functional block 31 - it is - a compressed phase - it is mostly lit at the time of termination. In a 
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consecutive actuation phase, a fuel is injected with functional block 32 by the cylinder 3 in an inhalation-of-air phase. 
The injected fuel is lit with functional block 33. With the inquiry block 34, it is inspected whether an internal 
combustion engine's 1 start up was successful. In affirmation, the method of this invention is ended with functional 
block 35. It is inspected whether the predetermined time amount T passed without branching to the inquiry block 36 in 
negation, and an internal combustion engine 1 starting here. In affirmation, it branches to functional block 21 and a 
start-up process is again repeated from the beginning. In negation, it branches to functional block 32, and a fuel is 
injected in the cylinder 3 in an inhalation-of-air phase, and a start-up process is continued by lighting succeedingly. 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 



1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 
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